A systematic investigation of neutrino-nucleus reaction rates at low and intermediate energies of the stable 94 Mo isotope is performed. Differential and integrated cross sections for neutrino inelastic scattering off the aforementioned target are calculated for neutrino energies ε i 100 MeV. The nuclear wave functions for the initial and final nuclear states are constructed in the context of the quasi-particle random phase approximation (QRPA). The reliability of our method is tested by checking the reproducibility of the low-lying energy spectrum of the isotope under investigation.
INTRODUCTION
The interaction of neutrinos with nuclei both of charged and neutral current reactions, is a highly valuable source for detecting neutrino flavor and exploring the structure of electro-weak interactions [1, 2, 3, 4] . The determination of neutrino nucleus cross sections is of primary importance and to this aim various nuclear structure models have been employed for the description of the nuclear transition matrix elements. Among them the quasi-particle random phase approximation(QRPA) is offering reliable neutrino-nucleus reactions cross sections needed for current neutrino-detection experiments and star evolution modeling. Its main advantage lies in the ability to provide calculations based on a very large valence space.
Recently, an advantageous numerical approach has been developed for calculating the reduced matrix elements of neutrino induced nuclear transitions [5] . In the present work, we use this method to investigate inelastic neutrino scattering for neutral current reactions from stable 94 Mo isotope at low and intermediate neutrino energies.
The starting point of our calculations is the Walecka-Donnelly formalism which describes in a unified way electromagnetic and weak semi-leptonic processes in nuclei, by taking advantage of the multipole decomposition of the relevant hadronic current density operators. This formalism has recently been improved, by constructing compact analytical expressions for all nuclear matrix elements of the basic multipole expansion operators entering these cross sections The QRPA method employed for the construction of these nuclear states permits the evaluation of the individual contributions of the various incoherent (inelastic) neutrino induced nuclear transitions of the studied isotope [6] .
THE NEUTRINO-NUCLEUS FORMALISM
We consider neutral current neutrino-nucleus interactions in which a low and intermediate energy neutrino (or antineutrino) is scattered elastically or inelastically from a nucleus (A,Z), via exchange of neutral Z 0 bosons with the nucleus as
where ν e (ν e ) denote neutrinos (anti-neutrinos) of any flavor.
In the coherent channel, the nucleus remains in its ground state while in the incoherent the nucleus is excited. The neutrino-induced reactions leave the final nucleus in an excited state below or above particle-emission threshold.
The initial nucleus is assumed to be spherically symmetric and to reside in its ground state with angular momentum and parity J p = 0 + . In our J-projected nuclear structure calculations, the initial and final nuclear states have well-defined spins and parities, |J π m (the index m counts the multipole state from low to high energies).
Then the differential cross section(according to the energy and the direction of the outgoing neutrino) is written as
where ω = ε i − ε f is the excitation energy of the nucleus and ε i , denotes the energy of the incoming neutrino while ε f (k f ) represent the energy (momentum) of the outgoing lepton. The contributions σ J CL , for the Coulomb and Longitudinal components, and σ J T , for the transverse components, are written as
where Φ is the lepton scattering angle and b multipole operators as defined in [6] . The magnitude of the three momentum transfer q is given by 
RESULTS
In this work we have performed realistic state-by-state calculations for inelastic and elastic neutrino-nucleus scattering off the stable 94 Mo isotope. Our calculations were performed in five steps: First the wave functions of the initial (the 0 + ground state of the even-even nucleus) and the final states were calculated within the QRPA. The obtained wave functions were subsequently used to evaluate the required reduced onebody transition densities. Then, the double-differential cross section was calculated for each scattering angle (θ ), neutrino energy (E ν ) and final state. In the next step, the differential cross section as a function of the scattering angle and neutrino energy was obtained by summing over all the (discrete) final states. Then, numerical integration techniques were used to calculate the total cross section σ (E ν ) as a function of neutrino energy. In the last step the averaged cross section σ was finally obtained by folding the cross section σ (E ν ) with a two-parameter Fermi-Dirac distribution appropriate for For the construction of the wavefunctions of the initial and final nuclear states we used the QRPA method. Both Fermi and Gamow-Teller like contributions of the polar vector and axial vector have been considered. A Coulomb corrected Woods-Saxon potential was used as field interaction and as two body residual interaction the Bonn-C meson exchange potential was utilized. Our model space consists of the following eleven active single particle levels: 0 f 7/2 , 1p 3/2 , 1d 1/2 , 0 f 5/2 , 0g 9/2 , 1d 5/2 , 2s 1/2 , 1d 3/2 , 0g 7/2 , 0h 11/2 , 0h 9/2 (up to 4hω major harmonic oscillator shells). At the BCS level, the values of the pairing parameters for protons (g p pair ) and neutrons (g n pair ) which reproduce the pairing gaps in the usual way [7] was found to be g p pair = 0.972 and g n pair = 1.040. By solving the QRPA equations the strength parameters for the particle-hole channel, g ph and the particle-particle channel,g pp were fixed so as the lowest lying excitation energies to be reproduced. The above parameters get values in the ranges shown in Table 1 . The evaluation of these strength parameters was obtained separately for each set of multiple states. By using the above parameters we produced the low-lying energy spectrum, shown in Figure 1 , where this spectrum was compared to that given by experiment. In Figure 2 we show the excitation energies of the multipole states J π = 2 + 1 , J π = 4 + 1 and J π = 6 + 1 by using the QRPA method. In the low energy spectra our results are in good comparison with the experimental ones. In Figure 3 the excitation energies of the J π = 2 + and J π = 4 + states are illustrated. The obtained results are compared to the experimental results and those obtained by using the shell model method.
In the next step of our research we proceeded with the calculation of the cross sections.The primary results refer to the double differential cross sections of Eq.(2). Total differential cross sections were evaluated by summing over partial rates for various sets of multipole states included in our truncated model space up to J π = 8 + . For integrated (total) cross-sections we used numerical integration techniques(Gauss method) to integrate the aforementioned differential cross sections [8] . From our results, shown in Table 2 , one could conclude that the total cross sections are large at low energies. For higher neutrino energies,(ε i > 80 MeV) the total cross sections are dramatically decreased [9, 10, 11, 12, 13, 14] .
SUMMARY AND CONCLUSIONS
In the present paper we employed the quasiparticle random-phase approximation (QRPA) to study the neutral-current neutrino-nucleus inelastic and elastic scattering cross sections. Our present results refer to the stable 94 Mo isotope. The obtained energy spectra show a good agreement with experimental data.
The results for the contribution of the separate multipole sets of excited states have shown that for low-energy neutrino-scattering off 94 Mo the cross sections are dominated by transitions to 1 + states. 
